The aim of the study was to evaluate the status of bovine viral diarrhoea virus (BVDV) infection in selected dairy herds in Poland with the use of commercial enzyme linked immonosorbent assay for the detection of specific antibodies (BVDV-Ab ELISA) and reverse transcription-polymerase chain reaction (RT-PCR) for the detection of viral RNA, using bulk tank milk (BTM) samples. Two hundred and thirty-one samples of BTM were collected from 99 dairy herds in Poland. The herds were divided into four different classes according to the Swedish system of classification. The results showed that 70.7% of herds were BVDV antibodypositive. High levels of antibodies in 52.85 % (37 herds in class 3) of all antibody positive herds indicated acute BVDV infection. Thirty five samples with the highest antibody levels were tested by RT-PCR and five of them were positive for viral RNA. Dairy herds in Poland have high levels of antibodies against BVDV in BTM. Since no vaccination was implemented in the herds tested, high seroprevalence of BVDV antibodies in cattle indicates the widespread of BVDV infection in Polish cattle.
Bovine viral diarrhoea virus (BVDV) is an important pathogen of dairy cattle worldwide (7) . BVDV, classical swine fever virus (CSFV), and border disease virus (BDV) belong to the genus Pestivirus within the family Flaviviridae (6) . Bovine viral diarrhoea (BVD) is a widespread infection affecting mainly cattle but also other ruminants such as sheep and goats (2, 3) . Seroprevalence of BVDV in cattle varies between different regions of the world from 12% to 89%. Studies conducted in 2010, have shown a high prevalence of BVDV infection in dairy cattle in Poland, especially in large herds (21) . Percentage of infected herds ranged from 53.9% to 100% and depended on the size of a herd. Most primary infections are subclinical, but BVDV can lead to: reduced milk production, diarrhoea, respiratory disorders, infertility, abortion, or stillbirth (8) . During the first 40-120 d of pregnancy, infection of pregnant cows or heifers might lead to the birth of persistently infected (PI) calves (16) . Superinfection of PI viremic animals with a cytopathic strain leads to fatal mucosal disease (1) .
Control of BVDV is a very complicated and long lasting process. PI animals may be missed if laboratory monitoring is not implemented at herd level. These animals shed significant load of BVDV throughout their entire life and they are the main source of infection (25) . Removing PI animals from the herd is the most efficient method of controlling and preventing the disease from spreading (22) . This is the reason why cattle should be constantly tested for the presence of BVDV. Farmers' expectation is that this would be done at the lowest possible cost. One of such options is testing the bulk tank milk (BTM) samples. The presence of single PI animals in a herd (1%-2% prevalence), is enough to mount significant levels of neutralising antibodies, which can be detected in milk of the herdmates having contact with the virus shedder. This approach was implemented first in Sweden, where dedicated cut off values (based on optical density readouts from ELISA) were allocated to different epizootic classes of milking herds with respect to BVDV infection (17) . Similar approach was used to identify possible PI carriers by testing pregnant animals for antibodies in late pregnancy (13) . Animals with high levels of neutralising antibodies were at risk of giving birth to PI calves. Testing BTM is also successfully implemented in herds free from BVDV infection in the monitoring programmes directed at the identification of new sources of the virus in a herd based on the detection of seroconversion (20) .
The aim of the study was to assess the status of BVDV infection in selected dairy herds based on BTM testing using ELISA and RT-PCR as the cheap testing options, yet providing required level of sensitivity and accuracy. 
Material and Methods
The material for the study consisted of 231 samples of BTM collected once or several times from 99 dairy herds located in eight provinces of Poland (Table  1) . If a given herd had a history of BVDV vaccination in the past it was excluded from the analysis.
From forty-five out of 99 herds, two to six BTM samples were collected at different time-points with interval of 3 to 30 months between the first and the last collection. The number of milk samples in each BTM was between 12 and 556 depending on the number of milking cows in a given herd. The SVANOVIR BVDV-Ab ELISA screening test (SVANOVA, Sweden) was used to detect antibodies in all BTM samples. Twenty eight samples were tested by the second SVANOVIR BVDV-Ab ELISA, confirmation format (SVANOVA, Sweden) for comparison and result verification.
Milk was collected in 8 mL plastic tubes, each containing ProClin 150 as preservative. The skimmed milk for ELISA was collected from below the fat layer after centrifugation of whole milk for 10 min at 3,000 g at 4 C. The results of antibody ELISA were interpreted according to the Swedish system of classification (17) . Herds in class 0 were regarded as negative, in class 1 had a very low or low level of antibodies in the BTM and were unlikely to harbour PI animals, unless these have been recently introduced. Herds in classes 2 or 3 had a moderate or high level of antibodies, respectively. PI animals were usually found within herds belonging to class 3. Dynamics of antibody decay in BTM samples in herds harbouring PI animals was evaluated in 11 herds where such animals were identified.
Thirty five samples with high COD values in ELISA were tested by reverse transcriptase-polymerase chain reaction (RT-PCR). Milk somatic cells from the bottom of the tubes (cell pellets) were used for extraction of total RNA using TRI Reagent (SIGMA-ALDRICH, USA), according to the manufacturer's instructions and eluted in a final volume of 10 μL or 20 μL of water for BTM and serum samples, respectively. RT-PCR was carried out with the use of a commercial kit (Titan One Tube RT-PCR System, Roche, Germany), following the manufacturer's protocol. The complementary DNA (cDNA) was amplified using forward 324F and reverse 326R primers, specific for 5'UTR region, sequences of which were published by Vilcek et al. (24) . The final volume of RT-PCR reaction mixture was 25 μL and it contained: 23 μL of reaction mix and 2 μL of RNA template. RT-PCR products were visualised by electrophoresis in 1.5% agarose gel in TAE buffer at 90 V. Confirmation of PI status was based on two positive results in RT-PCR test of serum samples collected from individual animals at least three weeks apart.
The statistical analysis was carried out using Stata v.11.2 (StataCorp, Lakeway Drive, USA) and Microsoft Excel 2007 software. The Kruskal-Wallis rank test and Pearson's correlation test were used for data analysis.
Results
In the study 70.7% of herds had BVDV antibodies (classes 1, 2, 3). High levels of antibodies (COD values above 0.55) were found in 52.8 % of positive herds (37 herds out of 70 in classes 1, 2, 3), which were classified as class 3 (Fig.1) .
Negative herds (lack of BTM antibodies) comprised 29.3% (29 herds). Five BTM samples representing two herds with high COD values (class 3) were also positive in RT-PCR test giving specific products of expected 288bp size visible on the agarose gel (Fig. 2) Fig. 1 . Distribution of BVDV classes based on ELISA in BTM from 99 dairy herds The presence of PI animals was confirmed in 11 herds based on RT-PCR positive test results of serum samples (Fig. 3) , which included two herds with positive RT-PCR in BTM samples.
When 45 herds (with and without PIs), which were sampled at least twice, were analysed the BTM COD results of both ELISAs differed significantly when compared using Kruskal-Wallis (11) rank test (p=0.0001). The distribution of COD values for the two samplings is presented in Fig. 3 . At the first test, 22.2%, 24.4%, 13.3%, and 40.0% were classified in BTM classes 0, 1, 2, and 3, respectively. At the second testing (including the 11 herds where PIs were identified and removed), 24.4%, 17.8%, 28.9%, and 28.9% were considered as class 0, 1, 2, 3, respectively. BTM class of 62.2% herds remained the same in both tests, status of 26.7% of herds decreased and in 11.1% of herds it increased (in three herds by two classes and in two herds by one class).
The antibody levels in BTM samples from 11 farms, where PI animals were identified, showed variability of COD values within 18-21 month period after their removal (Fig. 3) . Six of these herds (54.5%) moved from class 3 to class 2, while in two others higher values were obtained on the retest but within the same class 3. The time of antibody decrease from the removal of PI calves was different for each herd. In one of the herds, the shift from class 3 to class 2 took 30 months, while in another one, the time for the switch between these two classes was 5 months. The fluctuation of antibody levels in PI herds after the removal of virus shedders was rather stable as shown in Fig. 4 . The slope of the regression line drawn for the values of three herds sampled five times in the period of 14 months was only 0.0003 with R 2 of 0.37. In order to estimate whether the presence of PI animals influences the COD values of herd BTM at the first and second testing, Pearson's correlation was calculated and the differences were presented in the box plots (Fig. 5) Highly significant difference was observed between BTM COD values at the first testing of the herds with none and with one or more PI animals present (p≥0.00001). Smaller difference (p≥0.05) between COD values of no PI and PI herds was also observed at the second testing. The overall difference between all herds with PIs present (with mean COD value of 0.83; 95% CI 0.72-0.94) and no PI animals in the herd (with mean COD value of 0.34; 95% CI 0.26-0.422) was highly significant (p≥0.0005). The COD values for the BTM of herds where no PIs were present showed higher variability, classifying the herds in all 4 BTM classes (class 0 to class 3) (Fig. 6A) . In comparison, COD values of herds with PI animals located these herds in class 3 on the first testing, and in class 3 and class 2 after the removal of PI animal (Fig.  6B) .
The results of screening ELISA and confirmatory ELISA for 28 selected herds at the first testing were compared. The correlation of COD and PP values was significant with R 2 of 0.91 (p≥0.0001) (Fig.  7) . However, the agreement between BTM categorisation based on the two ELISAs was only 57.14% and kappa value was 0.31 (p=0.0025) (12) . Sixteen out of 28 herds were classified in the same class by both tests (Fig. 8) . From the remaining 12 herds, nine and three were classified in higher class by confirmatory and screening ELISA, respectively. Those herds, where one-class differences were observed, were equally distributed between classes 0 and 1, 1 and 2, and 2 and 3.
Discussion
The prevalence of BVDV infection in dairy herds based on BTM ELISA and RT-PCR, used as the cheap and easy alternatives for blood sampling, was evaluated. BTM samples can be collected by a farmer and the analysis of a single sample can provide a reliable picture of the whole herd. Moreover, such an approach can be used to monitor health status of the herd with respect to a new introduction of BVDV into a free herd by a biannual testing of a single BTM sample (4). In general, it can be concluded that dairy herds in Poland have high levels of BVDV antibodies in BTM. The increase in antibody concentration in the second test and positive results in RT-PCR might be associated with the presence of PIs or acutely infected individuals in these herds. Another important issue is how well the biosecurity measures and quarantine are implemented to prevent the introduction of BVDV from the outside. The decay rate of specific antibodies in the herd, even after the removal of PI animals is slow, therefore the eradication programme requires farmers' patience, their education and training on biosecurity measures, and safety of bio-products such as vaccines and hormones, which may be contaminated with BVDV (14) .
Over 50% of the positive herds identified in the study were classified in class 3, which also indirectly indicates that BVDV is present in these herds or that positive animals were recently removed. Similar studies were undertaken in England, Wales, and Scotland (9, 18) . In a study from England and Wales performed in 1998, the prevalence of BVDV antibody-positive herds was estimated at 95% and approximately 65% of the herds had a high level of BTM antibodies. However, these results could be biased by the presence of vaccinebased antibodies as the use of vaccines in the UK was allowed since September 1996. However, similar high levels of antibodies were found in a recent study performed in Scotland, where only non-vaccinated herds were involved (9) . In that study, 65% of herds were in class 2 and class 3 according to Swedish scheme. Overall, a 73% prevalence of herds with high mean levels of antibodies was calculated using statistical model. These results are very similar to our findings, indicating a widespread distribution of BVDV in dairy cattle.
Identification of herds with PI animals is crucial for successful BVDV eradication at a herd level (14) . Therefore, the levels of antibodies in BTM of BVDV negative (no PI) and BVDV positive (PI) herds were compared. All herds with PIs were classified in class 3 in the first testing. Despite the removal of PIs from these herds, the dynamics of antibody decay showed rather stable trend with only one class drop in 6 out of 11 PI herds. When one year trend of antibody decay was analysed in three PI herds as mean COD value, again stable values were observed with single class 3 to class 2 change noted 9 months after PI removal, and again the rise to class 3, 5 months later. Significant differences in COD values were observed between no PI and PI herds in the first testing with smaller difference observed in the second testing, which can be explained by the fact that the removal of PI animals had an impact on the level of antibodies found in BTM. Therefore, COD value of BTM was considered as good predictor for the presence of a PI animal in the herd. The influence of the BVDV eradication (meant as the removal of PI individuals from the herd) in the 2 nd test readouts was observed in six herds with PIs compared to 11 such herds. But again the drop was observed only between class 3 and class 2 (both indicating possible presence or recent removal of PI animals).
When comparing two ELISAs in different formats (screening and confirmatory), a high correlation between test readouts and much lower agreement in herd classification was observed. The latter was not so obvious when class 0 and class 1 were treated together as indicating free herds, while class 2 with class 3 together as BVDV positive herds. Following this approach, only four out of 28 herds where screening test classified the herds in class 1 and confirmatory test located the same herds in class 2 were identified. Since BTM testing for BVDV antibodies is an indirect tool to provisionally classify herds as BVDV-free and BVDVinfected, such a simplified approach should not have too much impact on the success of the eradication programme. Therefore, screening test seems to be suitable for initial herd categorisation.
Standard RT-PCR based on 5'UTR primers proved to be a very sensitive test enabling the detection of single PI animals from herds consisting of 550 and 556 milking animals each. Radwan et al. (19) suggested that one PI cow can be detected by RT-PCR in a BTM sample of 5,000 lactating cows based on the studies of serial dilutions of a milk sample from a PI cow. They also noted that levels of BVD virus in milk were higher than those in serum, probably due to the higher levels of cellular elements in milk when compared with serum. Studies of Drew et al. (5) and Kozasa et al. (10) showed that it was possible to identify single PI animals amongst 162 and over 150 milkers, respectively. In our study these values were almost 4-times higher probably due to the use of a different set of primers targeting the same 5'UTR region of viral genome and also due to a lower final volume of water in which the extracted total RNA was resuspended (10 μL opposite to 25 μL by Kozasa et al. (10) . Several studies indicated that it is possible to distinguish BVDV infected and vaccinated animals using appropriate ELISA (15) . However, such analysis was not undertaken since only one sample from a herd vaccinated against BVDV infection was available.
BTM antibody ELISA and RT-PCR are very reliable methods for testing large numbers of animals with relatively little effort. Both methods are also simple and inexpensive alternatives to blood testing, still providing accurate and reliable results (5) . While COD value of screening ELISA was considered a good indicator of the presence of a PI animal in a herd, RT-PCR test allowed detecting only five out of 11 herds where PI animals were confirmed by individual serum sample testing. It is probably connected with the fact that most PI animals die between 6 and 24 months of age before reaching the first lactation (1). Therefore, viral RNA detected in the BTM samples relates probably to transient BVDV infections in a herd, which in most cases are subclinical.
Systematic testing of dairy herds with the method described in the study, provides an early warning system and enables to detect newly introduced infected animals, thus it helps to eradicate the disease and to control BVDV spreading.
